A search for rare decay η ′ → 4π 0 has been performed with GAMS-4π Setup. The new upper limit for decay was established BR(η ′ → 4π 0 ) < 3.2 · 10 −4 at 90% confidence level. The π − p chargeexchange reaction at 32.5 GeV/c was used as a source of 1.3 · 10 6 η ′ mesons. Experiment carried out at the IHEP U-70 accelerator.
I. INTRODUCTION
Assuming CP conservation in strong interaction the direct decay η ′ → 4π 0 is forbidden, Fig. 1a . From other point of view decays with odd number of pseudoscalars belong to the wider class of anomalous decays, in low-energy QCD such anomalous decays are governed by the Wess -Zumino -Witten (WZW) term [1] . In this approach the decay probability is not vanish, and there are as CP -conserving and CP -violating models for the process η ′ → 4π 0 [2] [3] [4] . For CP -conserving case the decay amplitude is enhanced by pion loop contribution shown in Fig. 1b and by f 2 f 2 virtual intermediated state, shown in Fig. 1c . The estimate of a decay branching in this approach leads to BR(η ′ → 4π 0 ) ≈ 4 · 10 −8 . One would hope that CP -violating variant is more preferable to avoid huge angular-momentum suppression. CPviolating mechanism is introduced by θ-term in QCD Lagrangian to solve U (1) A problem. Carefull consideration of this method in Ref. [5] shows that the branching ratio is BR(η ′ → 4π 0 ) ≈ 0.1 · θ 2 . Current limit for θ-term based on neutron electric dipole moment (EDM) measurements is θ < 10 −11 , and this value makes the branching far from modern experimental possibilities. The deep connection between neutron EDM and CP -violating decays of η ′ is discussed in Ref. [6] .
Here we present the result of a new search of the decay
Previous result was published by GAMS Collaboration with upper limit BR(η ′ → 4π 0 ) < 5 · 10 −4 at 90% confidence level [8, 9] .
II. GAMS-4π SETUP AND EVENT SELECTION
The experiment was carried out at the U70 IHEP accelator, in a secondary beam of negative particles. The type of a beam particle is defined reliably by two threshold Cherenkov counters [10] with quartz optics. The interaction point of the beam particles is measured with precision ±4 cm from the amount of Cherenkov light, emitted in the 40 cm long liquid hydrogen target. The target is surrounded by guard system, which consists of scintilation veto layer and lead glass counters to detect recoiled baryons. This set of the detectors allows the identification of the charge-exchange processes with neutral final states. The main detector of GAMS-4π Setup is the lead glass electromagnetic calorimeter GAMS [11] . The central part of the calorimeter contains PWO crystals in order to provide good energy and spatial resolution [12] . A more detailed description of the performance of the experiment and data processing has been given elsewhere [13, 14] .
The charge-exchange reaction
with a 32.5 GeV/c beam momentum was used as the source of the monoenergetic η ′ mesons The analysis of the data was performed in several steps. At first the 4-momenta of the photons were reconstructed by special procedures [15, 16] and events with exactly eigth photons in GAMS were selected. Next, a series of criteria were applied in order to suppress instrumental and physical backgrounds without losing detection efficiency of the reactions under study (2):
• The distance between the shower centres in GAMS is larger than 40 mm;
• The distance between photon's impacts in GAMS and the beam axis is larger than 40 mm. This requirement provides suppression of the background in the central part of calorimeter where the beam is most intense;
• The total energy deposited in GAMS is limited to the range (28 -36) GeV;
• The energy of each photon is larger than 0.5 GeV.
Mass spectrum of 8γ events after 1C-fit (fixing the mass of the recoiled neutron in reaction (2), fit probability CL> 0.05) is shown in Fig. 2a . 4π 0 system is rather difficult for experimental study, and was studied before in the reports [18, 19] dealing with it in charge-exchange reaction. To estimate the background in low mass region 4C-fit was performed (fixing neutron and three π 0 masses). The non-fit γ-pair mass is shown in Fig. 2b , and one can see that in this hard kinematic region the integral ratio signal/background for mass interval (0.11 − 0.16) GeV is S/B = 1.1. 0 event mass spectrum is presented in Fig. 4a and exhibit a wide peak with mass around 0.9 GeV. The origin of this structure can be explained by decays chain
with two lost γ. Taking into account that 105 possible combinations exist to compose 4π 0 from 8γ, the remaining eight photons can easy form 4π 0 system. The method proposed in Ref. [20] was used to set upper limit for the decay desired. The decays (1) and (3) are consider as the event sources for the experimental histogramm, Fig. (4) . The mass spectra for these decays have been obtained by Monte-Carlo simulation. The mass shift of η ′ peak position for decay (3) with two lost γ is ≈ 30 MeV, the peak becomes the width σ 5π ≈ 50 MeV, Fig. 4b . For decay (1) the mass resolution is σ 4π = 20 MeV after 5C-fit. One can see in Fig. 4a that experimental 4π 0 mass spectrum in (0.8-1.0) GeV interval is reproduced well by background spectrum (3). The upper limit is evaluated as
where W (η ′ → 4π 0 ) is the weight of desired process (1), dW (η ′ → 4π 0 ) is the error corresponding 90% confidence level in generalized likelihood method 1 , N exp is number of the events in the experimental histogramm region under investigation, N η ′ is number of η ′ mesons and ǫ is detection efficiency for the decay (1) . No signal for the decay is observed. At 90% confidence level the upper limit is 
III. CONCLUSION
We have presented our result for a search the decay η ′ → 4π 0 . One was found that main physical background arises from the chain of other neutral η ′ decays with lost photons. This process can present a problem for other experiments, such as Crystal Ball [21] , Crystal Barrel [22] WASA [23] to find the decay (1). To reduce this background electromagnetic calorimeter used in experiment must have a low detection threshold for photons and reconstruction procedures capable to resolve overlapping showers.
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